Objective: To gain insight into the feasibility and safety of a novel vaginal robot for performing supracervical hysterectomy in an ovine model. Introduction: The clinical application of transvaginal natural or fice transluminal endoscopic surgery (vNOTES) has broadened significantly. vNOTES reduces wound complications such as infection, hematoma formation, or herniation and is currently utilized for hysterectomy, adnexal surgery, myomectomy, and staging surgery for endometrial cancer. Robotic assistance has been proposed to overcome the current vNOTES mechanical obstacles. The implementation of the current robots has limited utility due to their bulk and inflexibility. Robotic Natural Orifice Transluminal Surgery (rNOTES) is the new frontier in advancement of surgical robots. In developing new task specific robots, it is important to utilize an accurate model for testing. A novel vaginal robot introduced through the posterior cul-de-sac to perform a complete retrograde hysterectomy is the subject of this study. Methods: The study was conducted at the animal lab, Asaf-Harofe hospital, Israel. The ovine model was preferred since the anatomical landmarks and vascular anatomy are comparable to the human except for a bicornuate uterus in sheep. A vaginal robotic supra-cervical hysterectomy was performed in a sheep. Results: A vaginal robotic supracervical hysterectomy was performed successfully in an ovine model. The uterus was extracted via the entry point in the pouch of Douglas. 20 cc of blood loss was reported and no complications were observed. Conclusions: Vaginal supracervical hysterectomy via a vaginal approach using a novel robotic system was found to be feasible.
Introduction

Vaginal Approach
.
Recently, clinical application of transvaginal NOTES has broadened significantly in gynecology. Using transvaginal NOTES, not only adnexal surgery and hysterectomy, but also myomectomy and oncologic surgery could be performed safely and effectively in selected patients [4] . The first case series of pure transvaginal NOTES for adnexal diseases was reported by Lee et al. [5] in 2012. Other groups [6] [7] [8] have also described their initial experience with transvaginal NOTES using a single port and concluded that transvaginal NOTES was a feasible and effective surgical technique in properly selected female patients with adnexal masses. Hysterectomy via the vaginal route was first reported by Su et al. [9] in the same year; however it was Baekelandt et al. [10] that reported the first total vNOTES hysterectomy (TVNH), in which the entire procedure was performed using transvaginal NOTES under the pneumovagina.
Clinical contraindications are active infections, pregnancy or cervical cancer.
Technical difficulties may be encountered in the case of previous gynecologic surgery, gynecologic infections, or previous inflammatory digestive diseases (such as inflammatory bowel disease, diverticulitis or appendiceal peritonitis) as they may lead to the formation of dense adhesions in this region. The presence of endometriosis should also be ruled out as these lesions are usually located posterior to the uterus, either in uterosacral ligaments, in the retrocervical region or in the rectovaginal septum. This prevents access to the pelvic cavity through the posterior fornix of the vagina due to the high risk of iatrogenic injuries of adjacent organs during the creation of the access to the pelvic cavity.
Another point to consider is the practice of transvaginal surgery in a young nulliparous patient as the impact of transvaginal surgery on fertility is yet unknown [11] .
Robotic Assistance
The biggest drawback of the vNOTES laparoscopy is the inability to explore the entire peritoneal cavity, especially the anterior uterine wall and the peritoneum Open Journal of Obstetrics and Gynecology covering the surface of the bladder and broad ligaments [12] . The NOTES approach for gynecologist surgeries could be further and more comfortably applied if the tools used had better maneuverability and increased degree of freedom as provided by flexible robotic arms.
The first robot-assisted NOTES hysterectomy was published by Lee et al. [13] in 2015, using the vaginal working channel established by inserting a single-site multi-instrument silicon port. The operation began as in conventional vaginal surgery, with resection of the vaginal wall around the cervix. Anterior and posterior colpotomy were performed and the uterosacral ligaments and uterine vessels were dissected. The patient-side cart of the da Vinci Surgical System was then placed between the patient's legs, and each responsible port was docked onto the assigned robotic arms. Robot-assisted NOTES hysterectomy was performed after achieving adequate pneumoperitoneum and the uterus was morcellated through the vagina. They found that the robot-assisted NOTES technology allowed the surgeon to reach deeper places, but that its implementation was limited by the lack of appropriate instrumentation, which required further development and breakthrough. Therefore, they concluded that at this stage robot assisted vNOTES was useful only for limited applications in highly selected patients.
Animal Model for Vaginal Surgeries
Vaginal surgery research and training has been historically preformed on cadavers. This has proved ineffective, because non-living fresh frozen specimens either lack laxity or may be too lax. Low-fidelity vaginal hysterectomy training simulators have also developed and provided a useful introduction to vaginal hysterectomy; however, they have proved inadequate and unrealistic. Hence, an anatomically similar, live animal model is currently the preferred method for vaginal surgical studies and training [14] .
The ovine model is currently the preferred animal model for vaginal and pelvic surgeries since the anatomical landmarks and vascular anatomy are most comparable to the human female ( Figure 1 ) [15] . A comprehensive study that aimed to compare the anatomy of the sheep with female pelvis argued that although sheep are quadrupeds, the gross and microscopic anatomies are similar to the female pelvis [16] . Principal differences are the shape of the uterus (bicornuate) and its orientation, the absence of the sacrospinous ligament and the internal obturator. The levator ani (except for the puborectalis) and a more developed coccygeus muscle are present -coinciding with the tail. The dimensions and morphology of the ovine vagina is comparable to humans and the retropubic and the rectovaginal space are accessible transvaginally ( Figure 2 ). The study concluded that the ovine pelvic floor has many anatomical and ultrastructural similarities to the female pelvic floor and is appropriate as a model for gynecologic surgeries [16] . The vascular anatomy of the female human and ovine pelvis have striking similarities ( Figure 3 ). Open Journal of Obstetrics and Gynecology were nearly identical to that of humans [15] . Another study demonstrated that training in vaginal surgery for pelvic organ prolapse (POP) is feasible and useful in an animal model and concluded that the sheep is the preferable model [17] .
Similarly, a study describing transvaginal mesh insertion in the ovine model stated that the anatomical spaces and elements were easily identified-allowing for the mimicking of surgical procedures performed in women suffering from pelvic organ prolapsed [18] . Multiple studies on sheep model for uterine Open Journal of Obstetrics and Gynecology [29]. The early postoperative complications were also similar [30] [31] . It has been suggested that supracervical hysterectomy carries a decreased risk of pelvic organ prolapse but there are no randomized or long-term data to support or refute that argument [26] . Improved sexual function after surgery was also sug-Open Journal of Obstetrics and Gynecology gested as an advantage of laparoscopic assisted supracervical hysterectomy (LASH) over total laparoscopic hysterectomy (TLH) [32] . This difference was hypothesized to be associated with vaginal scar tenderness, shortening of the vagina, absence of the cervix, disruption of vaginal and cervical innervation, and vaginal dryness [33] [34] . A randomized controlled trial showed no significant difference in sexual or psychologic functioning postoperatively when the two procedures were compared [35] . Compared with total abdominal hysterectomy, supracervical abdominal hysterectomy (SAH) was thought to be associated with lower rates of urinary dysfunction because of maintenance of normal bladder innervation and preservation of the upper vagina support structures; but a meta-analysis of TAH and SAH did not support this theory [36] .
Total vs. Supracervical Hysterectomy
Notwithstanding the above, a Cochrane review found reduced febrile morbidity in patients undergoing supracervical hysterectomy when compared with total hysterectomy [37] . The same review showed a non-significant decreased rate of intra-abdominal hematoma or abscess after supracervical hysterectomy. A possible explanation for these findings is decreased dissemination of vaginal flora through the peritoneum and abdominal wound when the cervix is left in situ. While this may also be the case for LASH, similar randomized clinical trials have not been performed in the laparoscopic setting. Reduced operating time, blood loss and reduced recovery time were also suggested as advantages of LASH over TLH.
Opponents of LASH mention the future risk of cervical malignancy as a downfall, however with the availability of excellent cervical screening programs, removal of the cervix to prevent malignancy has been reported as unjustified [38] . The risk of development of cervical stump neoplasia in women with previously normal smear test results is 0.3% [39] and is further reduced to, 0.1% with ongoing screening [25] . The possibility of ongoing cyclical bleeding was also presented as a drawback. The incidence of cyclical vaginal bleeding after LASH varies widely, from 0% to 25% [26] . This range likely reflects the completeness of follow-up, the definition used for bleeding, and the level of amputation of the uterine corpus. Ideally, amputation of the cervix is at the level of the internal os, so that the isthmic portion of the uterus is removed along with the endometrium, thereby minimizing the likelihood of future cyclical bleeding. In addition to postoperative cyclical bleeding, a separate concern about residual endometrium after LASH is the risk of subsequent endometrial cancer, that is increased if the woman receives estrogen therapy without progesterone [40] .
The removal of the uterus after its resection is another consideration. in TLH, the uterus may be removed intact vaginally or via morcellation. At LASH, intact removal requires a colpotomy, and therefore morcellation is the primary method of specimen retrieval. Evidence from case reports suggests that iatrogenic endometriosis may complicate hysterectomy with associated uterine morcellation [26] . Furthermore, Incomplete retrieval of fragments of myometrium and leiomyomas after morcellation may lead to peritoneal leiomyoma seedlings [41] [42] [43] [44] . Open Journal of Obstetrics and Gynecology herniation. The vNOTES approach is currently adopted for hysterectomy, adnexal surgery, myomectomy, and staging surgery for endometrial cancer [45] [46] [47] . The feasibility and safety of supracervical hysterectomy through vNOTES, was recently confirmed [48] . New technology is needed to overcome the current mechanical obstacles in preforming gynecologic laparoscopic surgeries via vNOTES. Robotic assistance has been proposed for that matter. The implementation of the available robots is limited by the lack of appropriate instrumentation, the massive robot's corpus, a time-consuming docking set-up and the need for initial vaginal colpotimies prior to the robotic surgery.
In this study we aim to perform the first robotic vNOTES supracervical hysterectomy on an ovine model using the novel Hominis™ surgical system(Memic Innovative Surgery, Or Yehuda, Israel) ( Figure 4 ). Since no superiority was proven for total hysterectomy for any outcome, we chose to perform a supracervical hysterectomy and remove the intact uterus transvaginally through the robot trocar without the need for morcellation. The procedure aims to demonstrate the Hominis™ surgical system's efficiency and safety in preforming pelvic surgeries in a scarless fashion and with no need for prior surgical procedures.
Methods
The study was conducted at the animal lab, Asaf-Harofe hospital, Israel and was approved by the Ethics Committee of Asaf-Harofe hospital (Authorization number 15/2018).
A healthy mature ewe was used as a model. Food was withdrawn 24 hours before the procedure. Institutional guidelines for the care of experimental animals were followed. The senior author (SAS) who had significant prior robotic experience, completed successful completion of dry simulation exercises (Figure 4 
Results
A vaginal robotic supracervical hysterectomy was performed successfully in an ovine model as detailed below:
The ewe underwent general anesthesia using intramuscular midazolam (0.5 mg/kg, pre-anesthetic), propofol (5 mg/kg) and isoflurane (1.5%) in 100% oxygen with a continuous infusion of fentanyl (10 mg/kg/min, iv) and a neuromuscular blockade with pancuronium (0.05 mg/kg, iv). The ewe was subjected to mechanical ventilation with a 10 mL/kg adjustment of the respiratory rate to maintain the exhaled concentration of CO 2 between 35 and 45 mmHg.
After general anesthesia was applied, the ewe was laid in lithotomy position resembling that assumed by women on the operating table and the urinary bladder was catheterized through the urethra with a Foley catheter. A 5 mm laparoscopic port was inserted under vision in the mid abdomen. The abdomen was then inflated to 15 mmHg and another 5 mm lateral laparoscopic port was inserted.
After entry and successful insufflation, the pelvis and abdomen were inspected, with a special focus on the anatomy of the ureter, the presence or absence of disease, and the visualization of the cul-de-sac. The ewe was placed in 30-degree lithotomy position to afford visualization of the cul-de-sac. Open Journal of Obstetrics and Gynecology A designated vaginal trocar of the robot system was used for a direct entry into the Pouch of Douglas ( Figure 6 ). The trocar uses an introducer guide followed by a blunt conduit tube through a vaginal GelPOINT port (Applied Medical, Ranco Santa Margarita, CA, USA). A successful entry into the Pouch of Douglas was performed without a need for prior colpotomy (Figure 7) . The trocar insert was removed leaving the channel open ( Figure 8) for introduction of the robotic arms into the vagina (Figure 9 ). The robot was secured on designated arms facing the ewe's vagina and the Hominis™ surgical arms were inserted through the vaginal port.
The robotic arms were retroflexed in position to perform a supracervical hysterectomy following the conventional steps of laparoscopic hysterectomy: The infundibulopelvic ligament was coagulated and cut ( Figure 10 ) with the use of the energy source of the robotic arms; the round ligament and the remainder of the broad and cardinal ligaments were divided (Figure 11 ); the vesicouterine peritoneum was dissected off the anterior portion of the uterus, and the uterine arteries were skeletonized. At this point, the ascending branch of the uterine artery was identified, cauterized, and divided. The cervix was then amputated from the corpus at a point just below the internal cervical os and superior to the uterosacral ligaments (Figure 12 ). The robotic arms were straightened, and the uterine corpus was extracted via the vaginal entry point in the pouch of Douglas, with no need for morcellation ( Figure 13 ). The vaginal cup was closed with continuous sutures. On average 20cc of blood loss was reported, no complications were observed, and no technical difficulties were encountered during surgery.
Discussion
The aim of the current study was to perform a robotic vaginal supracervical hysterectomy on an ovine model using the novel Hominis™ robotic system. Since supracervical hysterectomy is becoming more common in women to preserve pelvic floor support, we chose to perform a supracervical hysterectomy and remove the intact uterus transvaginally without the need for morcellation. This novel robotic system allows the surgeon to approach the pelvic cavity in a scarless mater, as in the vNOTES laparoscopic technique. There are two main advantages for this robotic system over laparoscopic vNOTES surgeries. The first and most significant advantage is the 360˚ articulation humanoid-shaped arms that allow access to areas unreachable when using the straight tools in laparoscopic vNOTES surgeries. The second notable advantage of this robot is the ability to work in the pelvis in a cranial to caudal orientation, just like the conservative abdominal laparoscopic surgeries, rather than the opposite orientation in vNOTES surgeries. The robotic system is built to allow the surgeon to view and explore the entire peritoneal cavity, including the uterine walls and the peritoneum covering the surface of the bladder and broad ligaments. In this study, we aimed to demonstrate the direct entry of the device into the Pouch of Douglas. In order to visualize the entry, we needed to insert an abdominal 5 mm laparoscopic port for the laparoscopic camera. Another 5 mm port was inserted abdominally for a laparoscopic grasper that helped with the manipulation of the uterus. Surely, the abdominal incisions diminish the advantages of the vNOTES approach, however, they were needed for the purpose of this study and simulated the presence of the in-built robotic camera arm and the in-built uterine manipulator that are present in the later versions of the Hominis™ robotic system. The designated vaginal trocar for a direct entry into the Pouch of Douglas appears to be well designed to prevent bowel injury, however, further studies are needed to prove its safety.
Conclusion
In conclusion, a supracervical hysterectomy via a vaginal approach using the novel vaginal Hominis™ robotic system was found to be feasible in an Ovine model. The robotic system has easy docking, short setup time and superior surgical and ergonomics capabilities. Further development and refinement of this system are underway in order to enhance the advantages of a single port scarless surgery.
